NORTHERN   ONTARIO  WATER   RESOURCES   STUDIES 
MAP  1— GENERAL  CHARACTERISTICS   OF  STREAMFLOWS 


STREAMFLOW  STATION  GROUPINGS 


NATURAL  FLOWS 

TYPE  1                          TYPE  11                         TYPE  III                        TYPE  IV 

REGULATED  FLOWS 

TYPE  V                        TYPE  VI                      TYPE  VII 
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For  ease  of  discussion,  streamflow  stations  are  grouped  on  the  basis  of  similarities  in  their  daily  flow-duration  curves— four  types  for  natural  flows  and  three  types  for  regulated 
flows.  Boxed  numbers  indicate  the  stations  which  are  illustrated  and  discussed-  Regulated  stations  04GA001  and  04GC002  which  show  inconsistent  monthly  patterns  are  not 
grouped. 


ANNUAL  PRECIPITATION 


ANNUAL  RUNOFF 


50- 


S    0 


Isopleltis  in  Inches 


f\ 


.13 


U 


L— T 
_J1 


Isopteths  in  inches 


t« 


■ 


'— " 


' 


04CA0O2 


A 


OtCBOOl 


' 


• 


1 


' 


AO4CA00< 


L*^ 


a 


(after  Canada  department  of  the  E  nvironment.  1 972a) 

Mean  annual  precipitation  varies  from  20  inches  in  the  northwestern  region  to  32  inches  in  the  southeastern 
region. 


(after  Canada  Department  of  the  Environment,  1972a) 
Mean  annual  runoff  varies  from  6  inches  in  the  northwestern  region  to  16  inches  m  the  southeastern  region 
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Highest  daily  discharges  usually  occur  during  the  spring  runoff.  In  some  years,  peak  flows  due  to  high  precipitation  during  the  summer  and  fall  are  as  great  as.  or  greater  than  spring  peaks.  Low  flows  occur  during  the  months  of  March  and  April. 
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Streamflow  regulation,  predominantly  due  to  hydro-electric  dams  above  Type  V  and  VI  stations,  reduces  the  range  of  daily  discharges.      Streamflow  regulation  for  the  diversion  of  water  above  Type  Vll  stations  resulted  in  zero  flows  throughout 
most  of  1 974.  except  from  June  through  to  September.  Dam  operation  policies  may  alter  these  patterns 
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Monthly  streamflow  characteristics  are  influenced  notably  by  lake  systems.  In  the  northwest  region.  Type  I  stations  contain  numerous  lakes  with  large  storage  capacities  that  reduce  peak  flows  and  equalize  the  volume  of  streamflow 
that  is  discharged  each  month.  At  the  other  extreme,  Type  III  stations  in  the  southeast  have  few  lakes  and  show  large  fluctuations  in  monthly  runoff.  Monthly  runoff,  as  a  percentage  of  annual  runoff,  is  greatest  during  May  and 
June. 
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Mean  monthly  precipitation  during  the  summer  is  generally  greater  than  during  the  winter.  This  seasonal  difference  is  more  pronounced  in  the  northwest  than  in  the  southeast. 


Artificial  regulation  helps  to  reduce  peak  flows  and  equalize  the  volume  of  streamflow  that  is  discharged  during  each  month.  This  can  be  seen  by  comparing  regulated 
flow  stations  (Types  V  and  VI)  with  natural  streamflow  stations  in  the  same  region  (Type  III).  The  effect  is  not  as  evident  for  Type  V  as  it  is  for  Type  VI.  Monthly  runoff 
as  a  percentage  of  annual  runoff,  is  greatest  during  the  months  of  May  and  June.  Streamflow  stations  related  to  diversion  schemes  record  their  highest  flows  during  the 
summer  months  and  zero  flows  during  the  winter  months. 


OCCURRENCE  OF  MINIMUM  7-DAY  FLOWS 
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DAILY  FLOW-DURATION  CURVES 
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Percentage  of  time  indicated  discharge  was  equalled  or  exceeded  (1968-1974) 


Individual  flow-duration  curves  for  grouped  stations  fall  within  the  shaded  areas.  Types  I  through  IV  illustrate  flow-duration  curves  for  decreasing  amounts  of  surface  storage.  The  large  storage  capacities  of  lakes  within  the  Severn 
River  basin  are  responsible  for  the  relatively  well  sustained  low  flows  and  the  small  range  between  maximum  and  minimum  flows  (Type  I). 
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Individual  flow-duration  curves  for  grouped  stations  fall  within  the  shaded  areas.  All  stations  are  located  In  the  Moose  River  and  Albany  River  basins  and  are  for  regulated 
flow  conditions.  Curves  of  the  Type  V  group  illustrate  stations  where  low  flows  are  sustained  and  discharges  are  never  allowed  to  reach  zero,  whereas  stations  of  the  Type 
VI  group  attain  zero  flows  at  times.  Stations  where  discharges  are  often  maintained  at  zero  are  related  to  diversion  schemes  and  are  illustrated  by  the  Type  Vll  group. 
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Natural  and  regulated  streamflows  for  stations  in  prox- 
imity to  each  other  in  the  southeastern  region  are 
compared.  Low  flows  for  staf  ions  under  minor  regulation 
(Type  V)  are  generally  higher  than  for  stations  with  natu- 
ral flows  (Type  III). 


For  all  stations  with  natural  flows,  the  lowest  mean  discharges  for  seven  consecutive  days  during  the  year  occur  most  frequently  in  April  and  often  in  March.  Low  flows  for  regulated  stations,  because  they  are  dependent  on  operating 
policy,  are  not  illustrated. 
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The  Northern  Ontario  Water  Resources  Studies 

During  ihe  period  Irom  1965  to  1972.  the  governments  of  Canada  and  Ontario  undertook  a  series  of  co- 
crrimated  studies  of  Ontario's  northern  water  resources  and  related  economic  development.  The  work  was 
undertaken  in  five  large  river  basins  that  drain  into  Hudson  Bay  and  James  Bay.  From  northwest  to  southeast, 
these  are  the  Severn,  the  Winisk,  the  Attawapiskat,  the  Albany,  and  the  Moose  River  basins. 

The  overall  ob|ectives  of  the  studies  were  to  assess  the  quantity  and  quality  of  water  for  all  purposes,  to 
determine  present  and  future  requirements  for  such  waters,  and  lo  assess  the  alternatives  for  the  utilization 
of  such  waters  locally  or  elsewhere  through  diversions. 

The  Government  of  Ontario  delegated  its  part  in  the  hydrologic  and  engineering  aspects  of  Ihe  studies  lo 
the  Ontario  Water  Resources  Commission  (OWRC)  which  is  now  part  of  the  Ministry  of  the  Environment  (MOE). 
The  OWRC  assigned  the  Hydrologic  Data  and  the  Surveys  and  Projects  branches  of  the  Division  of  Water 
Resources  to  pursue  these  studies. 

Data  on  streamflows.  ground-water  levels,  snowfall .  water  chemistry,  wafer  biology  and  hydrogeology  that 
were  collected  by  the  MOE  have  been  previously  published  in  Water  Resources  Bulletins  1-1  through  1-5 

This  report  on  surface-water  quantity  is  one  of  three  data  analyses  reports  scheduled  to  be  published  by 
the  MOE;  the  other  two  reports  will  cover  the  surface-water  quality  and  the  ground-waler  resources  of  the 
region. 


Purpose  and  Scope  of  Report 

I  lie  purpose  of  this  report  is  to  provide  flow-duration  and  low-flow  frequency  analyses  for  those  rivers  and 
streams  that  dram  into  Hudson  Bay  and  James  Bay  in  the  northern  part  of  Ontario  Magnitudes  and  frequencies 
of  recurrence  of  low  flows,  considered  vital  to  the  planning,  management  and  protection  of  the  Province's 
water  resources,  are  provided. 

This  report  consists  of  two  maps.  Map  1  discusses  the  time  and  frequency  distributions  of  streamflows  and 
provides  the  general  hydrologic  setting  for  streamflow  characteristics  in  northern  Oniario.  Map  2  provides 
specific  data  on  flow  durations  and  low  flows  for  those  locations  that  are  instrumented  with  automatic  stream- 
flow  recorders  and  for  which  several  years  of  continuous  daily  records  are  available 


General  Notes 

The  northern  Ontario  study  area  covers  approximately  212,000  square  miles.  The  density  of  streamflow 
gauging  stations  in  'his  area  is  about  one  in  four  thousand  square  miles 

In  the  northwestern  part  of  the  study  area  (Severn.  Winisk  and  Attawapiskat  River  basins),  continuous 
daily  streamflow  data  are  available  since  1966,  with  the  majority  of  the  records  starting  from'  1968. 
Streamflow  data  for  stations  in  this  area  are  for  natural  flow  conditions. 

In  Ihe  southeastern  part  of  the  study  area  (Albany  and  Moose  Hiver  basins),  continuous  daily  streamflow 
data  for  twenty  years  or  more  are  generally  available  for  many  stations.  Flows  in  the  two  basins  are  for  both 
natural  and  regulated  conditions,  with  the  maionly  of  the  flows  in  the  Moose  River  basin  being  under  regulation. 

Flow-duration  curves  have  been  used  as  the  basis  for  describing  Ihe  general  flow  characteristics  of  streams 
and  rivers  These  curves  were  chosen  because  they  show  the  combined  effects  of  the  various  factors  that 
affect  streamflow— climate  topography  and  geology.  A  comprehensive  discussion  of  the  applications  and 
hydrologic  significance  of  the  flow-duration  curve  is  given  by  Searcy  (1959) 

A  common  period  from  1968  to  1974  was  chosen  for  streamflow  analyses.  As  a  result  of  these  analyses. 
natural  flows  aie  indicated  by  four  types  of  flow-duration  curves  and  regulated  flows  are  indicated  by  fhree 
types.  Representative  daily  and  monthly  hydrographs  are  used  to  further  illustrate  the  differences  between 
types.  Some  precipitation  data  have  been  provided  as  background  information. 


Summary  and  Conclusions 

The  main  factors  having  the  greatest  influence  on  streamtlows  in,  Ihe  northern  Ontario  study  area  are: 

•  the  time  and  areal  distributions  of  precipitation; 

•  the  temperature  and  freeze-up  characteristics  of  rivers  and  lakes; 

•  the  degree  of  lake  storage  within  a  river  system 

•  the  degree  of  streamflow  regulation  wilhin  a  river  system. 

Mean  annual  precipitation  and  mean  annual  runoff  are  lowest  in  northwestern  regions  and  highest  in 
the  southeastern  regions.  Mean  monthly  precipitation  during  the  summer  is  generally  greater  than  during 
the  winter.  Monthly  runoff,  as  a  percentage  of  annual  runoff,  is  greatest  during  the  months  of  May  and 
June  and  lowest  in  March  and  April.  Daily  peak  flows  in  the  sumimer  and  fall,  especially  in  the  northern 
part  of  the  study  area,  are  often  as  great  as,  or  greater  than  spring  peaks.  Annual  minimum  flows, 
averaged  over  7  days,  occur       most  frequently  during  the  months  of  March  and  April. 

Lake  storage  within  natural  river  systems  has  the  most  notable  effect  on  dampening  streamflow 
discharges  This  is  especially  evident  in  the  Severn  River  basin  where  the  ranges  of  mean  daily  discharges 
are  small  and  where  low  flows  are  sustained. 

Within  regulated  flow  systems,  regulating  policy  is  of  major  importance  to  the  low-flow  conditions  of 
the  river.  Low  flows  are  augmented  at  some  stations,  sometimes  zero  at  others,  and  very  often  zero  over 
long  periods  downstream  of  the  diversions. 
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Metric  Conversion  Factors 

1  inch  - 

1  mile 

1  square  mile 
1  cubic  foot  per  second 
1  cubic  foot  per  second  per 
square  mile 


-  2.54  centimetres 

-  1.609  kilometres 
=  2.590  square  kilometres 

-  0  02832  cubic  metres  per  second 

=  0  01 093  cubic  metres  per  second  per  square  kilometre 
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EXPLANATION  OF  TERMS 


Low  flow 

Minimum  7-day  flow 
7-day  Q? 

7 -day  Qs 

7-day  Oio 

7-day  Cte 

Minimum  daily  discharge 

5%  duration 

50%  duration 

75%  duration 

95%  duration 

99%  duration 

Natural  flow 


Regulated  flow 


—The  minimum  stream  discharge  that  occurs  within  a  given  time  period 

—The  lowest  mean  discharge  for  7  consecutive  days  during  a  given  period. 

—The  7-day  low  flow  that  occurs,  on  the  average,  once  in  2  years  or  has  a 
50  percent  chance  of  occurring,  in  any  given  year. 

—The  7-day  low  flow  that  occurs,  on  the  average,  once  in  5  years  or  has  a 
20  percent  chance  of  occurring  in  any  given  year. 

—The  7-day  low  flow  that  occurs,  on  the  average,  once  in  10  years  or  has  a 
10  percent  chance  of  occurring  in  any  given  year. 

—The  7-day  low  Now  that  occurs,  on  the  average,  once  in  20  years  or  has  a 
5  percent  chance  ol  occurring  in  any  given  year 

—The  lowest  recorded  value  of  all  the  individual  daily  mean  discharges  in  the 
period  of  analyzed  record 

—The  dairy  flow  that  was  equalled  or  exceeded  5%  of  the  time  during  the 
period  of  analyzed  record. 

—The  daily  flow  that  was  equalled  or  exceeded  50%  of  the  time  during  the 
period  of  analyzed  record 

—The  daily  flow  that  was  equalled  or  exceeded  75%  of  the  time  during  the 
period  of  analyzed  record 

—The  daily  flow  that  was  equalled  or  exceeded  95%  of  the  time  during  the 
period  of  analyzed  record 

—The  daily  flow  that  was  equalled  or  exceeded  99%  of  the  time  during  the 
period  of  analyzed  record 

—The  stream  is  free  Irom  major  withdrawals  or  releases  and  the  operation  of 
large  reservoirs;  however,  it  may  be  subject  to  the  effects  of  changing  land- 
use  practices,  the  operations  of  small  recreational  ponds,  and  minor  with- 
drawals and  releases. 

—The  stream  ts  subject  to  maior  diversions  or  withdrawals,  effluent 
discharges,  reservoir  operations,  and  other  measures  likely  to  alter  signifi- 
cantly the  values  or  time  distribution  of  mean  daily  flows 

DESCRIPTIVE  NOTES 

Compiled  by  J.  D.  Eddie 
Cartography  by  B.  Fischer 

Introduction 

The  purpose  of  this  map  is  to  provide  specific  data  on  low  flows  and  (low  durations  for  rivers  and 
streams  that  drain  into  Hudson  Bay  and  James  Bay  in  the  northern  part  of  Ontario. 

Analyses  have  been  made  for  those  locations  that  were  instrumented  with  automatic  streamflow 
recorders  and  for  which  several  years  of  continuous  daily  records  are  available.  In  the  northwestern 
portion  of  the  study  area,  notably  the  Severn,  Winisk.  and  Attawapiskat  River  basins,  data  have  been 
collected  only  since  1 966  While  a  longer  period  of  record  Is  desirable  tor  analyses,  the  available  record 
has  been  assumed  to  be  representative  of  streamflows  in  these  basins. 

For  some  stations  with  very  long  periods  of  record,  particularly  in  the  Moose  River  basin  where  exten- 
sive hydro-electric  projects  have  resulted  in  major  flow  regulations,  the  full  period  of  record  has  not  been 
analyzed.  In  many  cases,  approximately  the  latest  twenty-year  period  of  record  has  been  selected  to 
reflect  current  regulation  practices.  No  attempt  has  been  made  to  compensate  for  the  effects  of  any 
regulation  included  in  the  selected  period,  or  to  adjust  all  analyses  to  a  common  period. 

Two  standard  analyses  were  used:  low-flow  frequency  analysis  and  daily  flow-duration  analysis.  Curves 
obtained  from  these  analyses  are  on  file  with  Ihe  Water  Resources  Branch.  Ministry  of  the  Environment 
Selected  data  have  been  extracted  for  presentation 

Use  of  a  low-flow  frequency  or  flow-duration  curve  for  design  purposes  makes  the  implicit  assumption 
that  basin  conditions,  during  the  life  of  the  structure  for  which  the  design  flow  is  required,  are  essentially 
the  same  as  those  prevailing  during  the  period  of  record  used  for  analyses.  It  is  also  assumed  that  the 
record  used  is  a  representative  sample  of  streamflows  at  the  site  this  is  most  likely  to  be  valid  if  a  long 
record  ts  utilized 

Flow-Duration  Analysis 

A  flow-duration  curve  is  a  cumulative  frequency  curve  which  shows  the  percentage  of  time  specified 
streamflows  are  equalled  or  exceeded  during  a  given  period  of  record  The  curve  shows  the  flow  charac- 
teristics of  the  stream  through  its  range  of  discharge  without  regard  to  the  sequence  of  streamflow  events 
The  analyses  were  made  with  the  aid  of  a  digital  computer  using  mean  daily  flows  From  the  frequency 
curve,  values  were  taken  at  5%.  50%,  75%.  95%  and  99%  With  these  key  values  and  the  minimum 
recorded  daily  flow,  it  is  possible  to  re-construct  the  curve  throughout  most  of  its  range 

Low-Flow  Frequency  Analysis 

A  low-flow  frequency  curve  is  a  graph  of  annual  (or  seasonal)  minimum  streamflow  versus  average 
probability  level  or  recurrence  interval  (in  years)  The  analyses  were  made  for  all  stations,  regardless  of 
the  length  of  available  record,  using  the  January  to  December  period  The  analyses  were  made  with  the 
aid  of  a  digital  computer  considering  the  annual  minimum  7-day  flows.  From  the  frequency  curves 
obtained  by  plotting  the  results  on  extremal  probability  paper  the  commonly  used  design  values  were 
taken  (7-day  Ch,  7-day  <X  7-day  Qw  and  7-day  Q?  ,  with  extrapolation  of  the  curves  as  required)  For 
stations  with  less  than  5  years  of  data,  the  frequency  curves  were  not  extrapolated  beyond  the  7-day 
Q.o. 
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